The applicability of the fracture mechanics parameter K to characterizing elevated temperature fatigue crack growth data has been examined. The extent to which the testing conditions influence the degree of crack tip stress relaxation has been determined by measurement of the crack tip plastic zone size. The application of the stress intensity factor to both characterizing crack growth data and near crack tip deformation is considered.
Introduction
The concepts of linear elastic fracture mechanics have been extensively used to describe the distributions of stress and strain in the vicinity of crack tips. In particular, the stress intensity factor, K, may be used to characterize these distributions in terms of the applied load and the specimen and crack geometry.
The use of K has been extended to encompass the concept of a driving force for crack extension and to relate the loading conditions which give rise to both unstable crack extension (1) and fatigue crack growth (2) . In the latter case, the cyclic stress intensity AK, the difference between the maximum and minimum stress intensities encountered during the loading cycle, is used.
The use of K is strictly only valid when linear elastic conditions exist but its use is generally considered to extend to situations in which yielding of material at the crack tip takes place, providing the size of this plastic zone is small in comparison with the specimen dimensions. In this case small scale yielding is encountered and the size of the region over which the stress distribution may be adequately described by the stress intensity is large compared to the region determining the fracture process.
Such On increasing the temperature to 6OO"C, this behavior was maintained over the range of frequencies and microstructures investigated. Fig. 2 shows the data from Nimonic AP1 at 600°C.
At the highest temperature of testing, 85O"C, a slight change in behavior was observed. A small reduction in the correlation coefficient was observed with a slight increase in the scatter of da/dN values associated with identical applied AK found. Crack Tip Plasticity.
The crack tip plastic zones developed in the single crystal material under similar values of AK at room temperature and the three frequencies at 6OO'C are represented in Fig. 3 . It may be seen that there exists only a relatively small difference between the plastic zone size associated with room temperature deformation and that developed at 600°C and 10 Hz. However, on reducing the frequency at 600°C, progressive increases in the measured plastic zone size are seen.
The plastic zone sizes at 850°C are given in Fig. 4 . Once again, it can be seen that decreases in the frequency from 1 Hz to 0.1 Hz give rise to an increase in the plastic zone size. In the present work, both the single crystal and the polycrystalline materials have been shown to contain discrete regions of plasticity at the crack tips.
In the polycrystalline material the plastic zone sizes are significantly smaller than those of the single crystal material an effect which may be interpreted in terms of the incompatibility of deformation across grain boundaries.
At room temperature the extent of crack tip plasticity in all the materials tested is observed to be small in comparison to the overall crack length. Under these conditions, it is to be expected that the crack tip plastic zone size is small with respect to the size of the region of material in which the near crack tip elastic stress distributions are given in terms of linear elastic stress intensity factors.
Small scale yielding at the crack tip then exists and characterization of the crack growth rates with the stress intensity factor is appropriate.
This situation is reflected in the excellent agreement found in the crack growth rates when the cyclic stress intensity is used as a correlating parameter.
When the temperature of testing is raised to 6OO"C, the extent of crack tip plasticity is observed to be dependent on the frequency of testing (Fig. 3) . At high frequencies calculations show that the crack tip plastic zone size may be simply related to that at room temperature. Consequently, it is to be expected that small scale yielding conditions still exist at the crack tip and crack growth data may thus be adequately related to the cyclic stress intensity factor. With decreasing frequency increases in the plastic zone size may, initially, be expected to result in a deviation from small scale yielding conditions. However, even though a one hundred fold decrease in the frequency effects an approximately four fold increase in the plastic zone size, the extent of this crack tip plasticity remains physically small in comparison to the overall crack length.
The plastic zone size was always observed to be less than a/15 so that once again small scale yielding of the crack tip region may be considered to take place.
On increasing the temperature of testing to 85O"C, discrete regions of plasticity at the crack tip were still observed. Once again, these regions are physically small in comparison with the region over which linear elasticity conditions may exist so that the characterization of crack growth data in terms of linear elastic parameters is maintained. Thus, even though high temperature and low frequency has been shown to give rise to an increasing amount of crack tip stress relaxation, it is considered that small scale yielding conditions at the crack tip are encountered in the present work.
However, although the stress intensity factor may be applicable to the characterization of crack growth data limitations may arise if its use is extended to the consideration of crack tip plasticity. Many dimensions of the plastic zone may be used to compare the extent of crack tip plasticity, it is convenient in the present case to consider the dimension of the plastic zone size directly ahead of the crack tip, r . This experimentally determined dimension is given in Table II for the vapiety  of conditions  investigated here.
In general, the monotonic plastic zone size may be related to the maximum stress intensity encountered during loading, Kmax, and the material's yield stress 0 , Y through equations of the form K2 max r =a yz-
(1) P Y In the present study, a value of a, calculated from room temperature data, may be used to estimate the plastic zone sizes at specific elevated temperatures.
These estimates are included in Table II . 
